ABSTRACT
ited by antisera directed against the H-2 antigens on the tumor cells, consistent with the hypothesis that H-2 antigens are part of the target of the cytotoxic lymphocytes. Moreover, it was found that patching and capping of the H-2 antigens on EL4 cells resulted in the co-patching and co-capping of viral antigens as detected by antisera against Rauscher leukemia virus. Capping of H-2 antigens also resulted in co-capping of determinants detected by an antiserum to the viral protein gp69/71.
On the basis of these and other observations, we propose the hypothesis that the H-2 molecules serve as adaptors that combine with viral antigens on the cell surface to form hybrid antigens containing elements of self (H-2) and non-self (virus). The adaptor-antigen complex may then be recognized by a subeass of thymus-derived (T) lymphocytes that possesses a repertoire of receptors directed against hybrids of foreign and H-2 antigens. This raises the possibility that other products of the major histocompatibility complex may have analogous functions.
The rejection of grafts among different individuals is found in a variety of animal species. Allograft reactions in man and mouse result in the generation of a special class of cytotoxic thymus-derived (T) lymphocytes that are not directed against the full potential range of foreign cell surface antigens on a graft, but react principally with the major histocompatibility antigens, termed HL-A in man and H-2 in mouse (1, 2) . This observation suggests that there is a special relationship between the major histocompatibility antigens and this subclass of T cells.
Although the basis of this relationship and the function of histocompatibility antigens have not so far been established, it seems unlikely that the system evolved solely to combat the transmission of cells from individual to individual. Cytotoxic T lymphocytes with the same characteristics as those that are generated in allograft reactions are involved in the destruction of both neoplastic (3) and virally infected (4) cells. Moreover, it has recently been suggested (5) that the target of the cytotoxic lymphocytes that lyse virally infected syngeneic cells is in fact virally modified H-2, although the nature of the modification was not specified.
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We report here experiments indicating that the lysis of tumor cells by syngeneic or H-2 compatible cytotoxic lymphocytes involves the H-2 antigens of the tumor cells. We also describe data supporting the idea that H-2 and viral antigens can be physically associated on the cell surface. The data provide evidence that H-2 antigens may play a role in immune surveillance, and suggest a general hypothesis for the function and evolution of histocompatibility antigens.
MATERIALS AND METHODS
Balb/c mice were bred in our own colony and all other mice were obtained from the Jackson Laboratories. The tumor cell lines EL4.BU and P388 were obtained from the Salk Institute.
Anti-H-2 sera were prepared by the immunization of C57BL/10 mice with spleen cells from congenic B10 Cytotoxic lymphocytes were generated by culturing spleen cells (2.5 X 107) with 106 irradiated tumor cells for 5 or 6 days in 10 ml of RPMI-1640 medium, containing fetal bovine serum (5%) and 2-mercaptoethanol (5 X 10-5 M). The spleen cells were from donor mice immunized by the subcutaneous injection of 106 irradiated tumor cells [3] [4] [5] [6] [7] [8] weeks before sacrifice. Cytotoxic lymphocyte activity was determined using a modified 5ICr-release microassay (6) .
To cap H-2 antigens, 106 tumor cells in 0.15 ml of phosphate-buffered saline (pH 7.4) were incubated with 25 ,ul of anti-H-2 serum for 30 min at 40 and washed and incubated for 10 min at 370 with goat antibodies to mouse Ig labeled with fluorescein (Fl-G anti-M Ig) (7) . After washing, the cells were treated for 10 min at 40 with 1% formaldehyde to prevent further capping (7) . The cells were then incubated for 30 min at 40 with 10 ul of rabbit anti-RLV and, after washing, were incubated with goat antibodies to rabbit Ig, labeled with TMR-G anti-R Ig. (Fig. 2) . Capping of viral determinants resulted in a partial redistribution of H-2 antigens. In a typical experiment, 70% of the EL4 cells showed staining patterns in which some of the H-2 molecules had co-capped with the viral determinants while the other H-2 molecules remained dispersed over the cell surface.
In Table 1 
Co-patching of H-2 and viral antigens
The simplest interpretation of the observation that H-2 and viral antigens co-cap is that they become physically associated on the cell surface. The capping of receptors is a highly cooperative process, however, (7) and it is possible that receptors could be co-capped because of trapping rather than because of a close physical association. To exclude this possibility, we investigated whether the patching of H-2 antigens by anti-H-2 sera would also induce patching of viral antigens in the presence of an inhibitor of capping.
Tumor cells (EL4) were incubated with anti-H-2b serum for 30 min at 40, washed, and then incubated for 30 min at 250 with Fl-G anti-M Ig and NaN3 (50 mM) in order to block capping (7) . After washing, the cells were treated with 1% formaldehyde to prevent further redistribution of membrane antigens, and viral antigens were stained using sequential incubations at 40 with rabbit anti-RLV previously absorbed with normal spleen cells and TMR-G anti-R Ig. After this treatment, both the fluorescein-labeled H-2 antigens and the TMR-labeled viral antigens appeared in patches. Inspection of the larger fluorescein-stained patches showed a clear correspondence with TMR-stained patches, indicating that co-patching had occurred. Control preparations, in which patching of H-2 antigens had been omitted, showed diffuse TMR-staining with no patching. DISCUSSION A number of previous studies have shown that H-2 antigens are involved in cell-mediated lysis of allogeneic and xenogeneic cells (1, 2, 11) . Recently, however, it has become apparent that H-2 antigens also play a role in the lysis of chemically modified and virally infected syngeneic cells (12) (13) (14) .
In the present studies, we have shown in addition that H-2 antigens are important in the lysis of H-2 compatible tumor cells. The data strongly suggest that it is the H-2 antigens on the target cell that are critical in the cytotoxic interaction. One may conclude either that the H-2 antigens are part of an antigen complex that forms the actual target of cytotoxic lymphocytes (Fig. 3A) or that dual recognition is required, i.e., cytotoxic lymphocytes must recognize H-2 antigens and foreign antigens separately via two different sets of receptors (Fig. 3B) .
We presently favor the hypothesis that the H-2 antigens are part of the actual target of the cytotoxic cells (Fig. 3A) because the data obtained in the co-capping and co-patching experiments suggest that H-2 antigens can be closely associated with foreign antigens on the cell surface. The ability of Balb/c cytotoxic lymphocytes generated against P388 cells to lyse tumor cells (EL4) of a different H-2 haplotype might appear to contradict this hypothesis. Even in this case, however, the cytotoxic lymphocytes are probably recognizing part of the H-2 antigens because we have found that cytotoxic lymphocytes can recognize public specificities shared between H-2b and H-2d haplotypes.
The co-capping of viral antigens with H-2 antigens was observed with two systems: rabbit antiserum against RLV, goat antiserum against the purified gp69/71 antigen. The co-patching of viral and H-2 antigens is more strongly indicative of a primary interaction between these cell surface molecules than co-capping because co-capping may result from factors other than the physical association of cell-surface molecules (7). In both co-patching and co-capping experiments it is particularly important to exclude the possibility of cross reactions among the various reagents and antigens tested. A number of attempts were made to rule out such cross reactions. The observation, however, that the generation of an anti-H-2 cap apparently lowered the threshold for the detection of binding of a second antiserum indicates that the results of such experiments must be viewed with caution. The results of the co-patching and co-capping experiments are nevertheless in accord with the preliminary report of a close topographical relationship between vaccinia antigens and H-2 antigens on the cell surface (14) and reports of the presence of H-2 antigens on virus particles (15) (16) (17) .
A physical association between the major histocompatibility antigens and viral antigens on the cell surface would explain how the H-2 antigens could form part of an antigenic structure containing both "self" (H-2) and "non-self" (virus) components. The target of the cytotoxic lymphocytes developed against neoplastic or virally infected syngeneic cells would then be the group of determinants formed by the juxtaposition of an H-2 molecule and a foreign antigen. There are several observations consistent with a physical association between H-2 and tumor antigens (18) (19) (20) . Because some of these tumor-associated antigens may not be of viral origin, it is possible that a diversity of molecules may be capable of reacting with H-2 antigens on the cell membrane.
Our observations (Fig. 1) and those of others (5, (12) (13) (14) indicate that the H-2 molecule in a hybrid antigen that serves as the target for cell-mediated lysis of syngeneic cells must still exhibit those native determinants recognized by alloantisera and cytotoxic lymphocytes. Thus, the extreme polymorphism of H-2 molecules probably contributes to variation in the immunogenicity of the "altered-self" site (12, 13) . The polymorphism could also be related, however, to the presence of a binding site on the H-2 molecule for foreign antigens. Verification of this hypothesis depends on a demonstration of the mechanism of linkage and the range of foreign antigens that may be bound.
In accord with the interpretations presented above, we suggest that the function of the major histocompatibility antigens is to serve as adaptors that interact with foreign molecules to form adaptor-antigen complexes (Fig. 3A) that are recognized by cytotoxic T lymphocytes. Other products of the major histocompatibility complex may serve similar adaptor functions. If during evolution T cells were concerned with the recognition of altered cells, it is possible that all T cells respond to antigens only when they are associated with products of the major histocompatibility complex to form hybrid antigens. Such antigens would be pre-adapted by the "self" component to correspond to a repertoire of T cell receptors directed against altered products of the major histocompatibility complex. The notion that T cell receptors interact with altered-self antigens could account both for the large number of T cells that recognize allogeneic products of the major histocompatibility complex (21) and for some of the known requirements (22, 23) for the activation of T cells by soluble antigens. 
